According to the established clinical tradition about the distribution of weakness, the ratios of flexor/extensor strength of patients with upper motor neuron lesions are expected to be relatively high for the elbow and wrist and low for the knee. To assess the diagnostic value of these patterns of weakness, muscle strength of 70 patients with limb weakness of central or peripheral origin was measured with a hand held dynamometer. The ratios of flexor/extensor strength at the knee, elbow, and wrist did not diVer significantly between patients with central or peripheral origin of muscle weakness. The examination of tendon jerks proved to be of more value as a localising feature. The traditional notion about the distribution of weakness in upper motor neuron lesions may be explained by an intrinsically greater strength in antigravity muscles, together with the eVects of hypertonia. (J Neurol Neurosurg Psychiatry 1998;65:794-796) 
Lesion localisation is a principal strategy in the evaluation of a patient with muscle weakness. Neurologists distinguish weakness of central and peripheral origin by means of muscle tone, fasciculations, reflexes, and additionally the distribution of weakness.
1 Distinction between weakness of central and peripheral origin by means of the distribution of that weakness is a possible means of diVerentiation, although not as reliable as muscle tone, reflexes, and fasciculations. Central lesions are thought to aVect extensors more than flexors in the upper limb and flexors more than extensors in the lower limb.
1-3 Such a classic distribution of a central lesion is often referred to as a "pyramidal" pattern. This concept has been derived from careful clinical observations. 3 Nevertheless, Colebatch and Gandevia 4 found that flexors and extensors in the upper limb were equally aVected in upper motor neuron lesions. Muscle strength of flexors and extensors of hemiparetic and hemiplegic patients was expressed as a fraction of the corresponding muscles on the unaVected side. In a similar study of the lower limb, flexors and extensors in hemiparetic and paraparetic patients also seemed to be equally aVected. 5 In both studies fixed dynamometers were used to measure muscle strength.
As no direct comparison has been made between patients with weakness of central and peripheral origin, the question remains whether a distinction on clinical grounds is accurate. To assess the diagnostic value of the distribution of weakness, we measured muscle strength in patients with limb weakness of central or peripheral origin, using a hand held dynamometer. In addition, we compared the weakness of proximal and distal muscle groups, another characteristic with potential value as a localising feature.
Methods

PATIENTS
Seventy patients were included in the study. All had been referred to the Department of Neurology of the University Hospital, Utrecht. For patients to be included the strength of at least one muscle group had to be grade 4 on the Medical Research Council (MRC) scale and the cause of the weakness should have been determined on other grounds as either of central or peripheral origin. Of the 31 patients with weakness of central origin, 10 patients had a cerebrovascular lesion, 10 had multiple sclerosis, six had spinal cord lesions, four had a cerebral tumour, and one had a head injury. Of 39 patients with weakness of peripheral origin, 21 had a polyneuropathy, three had spinal muscular atrophy, three had lumbar radiculopathy, and 12 had a myopathy.
Patients with pain or fatigue (for example, due to rheumatoid arthritis or myasthenia gravis) and patients with both central and peripheral impairment were excluded from the study.
MEASUREMENTS
Muscle strength of flexors and extensors of the hip, knee, ankle, elbow, and wrist was assessed on both sides with the MRC scale. 6 In addition, these muscle groups were measured under similar conditions with a hand held dynamometer. Measurements of hip flexors, wrist extensors, and the flexors and extensors at the knee, ankle, and elbow were performed according to the methods of van der Ploeg et al. 7 Hip extensors were measured with the dynamometer placed on the posterior surface of the distal thigh, and wrist flexors with a supinated forearm, the dynamometer being placed on the middle phalanges of the flexed fingers.
Each patient was tested once by the same examiner (RDT), who was not blinded to the diagnosis. Every muscle group was measured three times. Patients were instructed to increase their eVort to a maximum for a period of about 3 seconds. The maximum of three readings was used as a measure of maximum voluntary contraction (MVC).
To permit comparison between subjects, flexor and extensor strength was expressed as a ratio by dividing the flexor's MVC by the MVC of the corresponding extensor.
Forces>300 N were not included in the analysis, because such forces are not appropriate for this technique. 8 Nearly all measurements of the hip extensors and foot plantar flexors had to be excluded for this reason (the patient's contraction could not be overcome by the examiner). As a consequence, ratios of flexor and extensor strength at the hip and ankle could not be obtained. All readings of the muscle groups of the knee, elbow, and wrist were well below 300 N.
If a patient complained of pain or cramp during a test, the test was stopped and the reading was not included. Ten of 420 tests could not be completed for this reason. The knee jerks, ankle jerks, and the plantar responses were recorded. The tendon reflexes were graded on a 5 point scale (absent, diminished, normal, increased, clonus) and the plantar response was assessed as extensor, flexor, or mute.
If a proximal muscle group was rated as the lowest MRC grade within a limb, weakness was defined as proximal. If a distal muscle group was rated as the lowest MRC grade within a limb, weakness was defined as distal.
ANALYSIS
The ratio between flexor and extensor strength of both patient groups was compared by means of the Wilcoxon signed rank test or the MannWhitney U test. 9 Regression analysis was used to evaluate the influence of age on the flexor/extensor ratio. The eVect of sex on the ratio was tested with the Mann-Whitney U test. Statistical significance was set at the 5% level.
The variability of three readings was expressed as the coeYcient of variation (CV). The SD of three readings of one muscle group was divided by the mean of these readings (CV (%)=SD×100/mean). The CVs were calculated only if the MVC of a muscle group was used for the flexor/extensor ratio. CVs of several muscle groups were normalised by log transformations.
Results
Of the 70 patients, 45 were men. The median age of the patients was 49 (SD 14) years with a range of 17 to 77 years. The values of flexor and extensor strength and the median flexor/ extensor ratio at the knee, elbow, and wrist for patients with central and peripheral origin of muscle weakness are presented in the figure.
The plots demonstrate a similar distribution of flexor and extensor strength and the flexor/ extensor ratio for the central and peripheral group. For all muscle groups, the ratios for both groups of patients did not diVer significantly. In the table the number of patients for each test, the median values of flexor and extensor strength, and the flexor/extensor ratio are given.
Regression analysis showed no significant eVect of age on the flexor/extensor ratios. Similarly, no significant influence of sex on the ratios was seen.
The mean CV of three readings was 5.2%, with a range of 3.3-7.3%. All abnormal reflex patterns were in agreement with the location of the lesion. Nine patients had normal reflexes.
Of the patients with a muscle disease 92% had proximal weakness. Distal weakness in the upper or lower limbs was found in 52% of the patients with lesions of the central and 70% of the patients with lesions of the peripheral nervous system.
The absolute values of flexor and extensor muscle strength as measured with a hand held dynamometer at the knee, elbow, and wrist (left and right side combined) of patients with weakness of central (o) or peripheral (x) origin are shown. The gradient of the line is the median flexor/extensor ratio of patients with weakness of central (-) or peripheral (---) origin.
Discussion
According to the established clinical tradition about patterns of weakness, the ratios of flexor/ extensor strength of patients with upper motor neuron lesions are expected to be higher for the elbow and wrist and lower for the knee. We found no such diVerence. The distribution of weakness, at least as measured with a hand held dynamometer, has no localising value in terms of central or peripheral origin of weakness. Examination of myotatic reflexes combined with the distinction between proximal and distal weakness is clinically of more value as a localising feature.
The hand held dynamometer is a more objective method of strength assessment than the widely used grading scale of the MRC. 10 This technique of muscle testing has been proved to be acceptable and reproducible. 10 Readings of single raters, irrespective of experience, have a similar reproducibility and variability. 11 The CVs of the readings from our study are in agreement with the findings of Wiles et al 8 and Goonetilleke et al.
11
Clinical assessment of muscle strength seems to be poorly diVerentiated, as an elbow flexor graded 4 on the MRC scale can, for example, vary between 10 N and 250 N on the scale of the dynamometer. 10 Moreover, the MRC scale is ordinal and therefore cannot express the flexor strength as a fraction of the extensor force. In this study we did quantify the manual testing of flexor and extensor strength and our results did not confirm the clinical impression of the distribution of weakness of patients with lesions of the central or peripheral nervous system.
In a recent study of the clinical range of limb girdle muscular dystrophy the summation of paretic muscles showed a pattern of weakness similar to that in upper motor neuron lesions. 12 Muscles particularly involved in the "pyramidal" distribution, are intrinsically weaker. 4 5 7 These muscles are thereby predisposed to appear weak and this distribution is not particularly a central one. Nevertheless, we have to make the qualification that we could not calculate ratios for hip and foot muscles.
A distinct feature of upper motor neuron lesions is the increase of muscle tone. Tone has been shown to be independent of weakness. 13 Although in clinical examination the terms hypotonia and normal tone seem to be inappropriate, because voluntary activity is responsible for most of the resistance felt, 14 the clinical examination of muscle tone is of great value for the detection of spasticity. Hypertonia tends to predominate in the flexors of the arm and the extensors of the leg. 15 These muscles are intrinsically stronger. The traditional notion about the distribution of weakness in upper motor neuron lesions may be explained by a combination of two factors: an intrinsic diVerence in strength (flexors being stronger in the arms and extensors in the legs), and the occurrence of hypertonia in the stronger muscle groups. (N) . n=number of patients, flex=flexor, ext=extensor; ratio=flexor/extensor ratio.
